WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (POT) 



(51) International Patent Classification ^ : 
A23J 1/12 



Al 



(11) International Publication Number: WO 89/ 01294 

(43) International Publication Date: 23 February 1989 (23.02.89) 



<21) International Application Number: PCT/FI88/00125 
(22) International FiUng Date: 10 August 1988 (10.08.88) 

(31) Priority ApplicatloQ Number: 873499 

(32) Priority Date: 12 August 1987 (12.08.87) 

(33) Priority Country: FI 

(71) Applicant (for all designated States except US): VAL- 

TION TEKNILLINEN TUTKIMUSKESKUS [FI/ 
FIJ; Vuorimiehentie 5, SF-02150 Espoo (FI). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only} : MYLLYMAKI, 
Olavi [FI/FI]; Ilmakuja 4 A 1 1, SF-02210 Espoo (H). 
MALKKI, Yrj6 [FI/FI]; Lyokkiniemi 24, SF-02160 
Espoo (FI), AUnO, Karin [FI/FI]; Kahakuja 8, SF- 
02940 Espoo (FI). 



(74) Agent: BERGGREN OY AB; P.O. Box 16, SF-OOlOl 
Helsinki (FI). 



(81) Designated States: AT (European patent), BE (Euro- 
pean patent), CH (European patent), DE (European 
patent), DK, FR (European patent), GB (European 
patent), IT (European patent), LU (European patent), 
NL CEuropean patent), NO, SE (European patent), 
SU,US. 



Published 

With international search report. 
With amended claims. 



(54) Title: A PROCESS FOR FRACTIONING CROP INTO INDUSTRIAL RAW MATERIAL 



(57) Abstract 
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A process for 'fractioning crop into industrial raw material 



Besides the use for conventional foodstuff purposes, the botani- 
cal or chemical components of crop raw material have been isola- 
ted to be used for industrial purposes. The most extensive in- 
dustrial implements are starch separating processes by using corn, 
wheat and barley as a raw material. The main by-products of these 
processes are glutene, which is recoverable from corn and wheat, 
other protein fractions, corn oil, wheat germ oil as well as 
fractions mainly used as feed. The methods used in the process can 
be classed into wet milling methods or combinations of dry process 
steps and wet milling. 

In grain fractioning, various mechanical methods are used, such 
as screening, air classification, sedimentation as well as ex- 
tracting and dissolving processes. For oat grinding, milling devi- 
ces generally suitable for the grinding of other crops have been 
applied. The US patent specification 4220 287 describes a roll 
milling device equipped with either smooth or fluted rolls. 

For oat fractioning, prior known methods in most cases relate to 
separating an individual component from the oat grains. The pro- 
tein separation of oats has been an object for the most extensive 
study, the central method having been dissolving protein into 
basic solutions and precipitating by means of acids at the iso- 
electric point . 

In several described processes, the alcalic extract-on is prece- 
ded by a solvent extraction by means of hydrocarbon, halogenated 
hydrocarbon, aliphatic alcohols, or aceton, in order to remove 
the avenol, aiming at facilitating the subsequent separating 
steps and at improving the pxeservability of the end products. 
The impact of various solvents and temperatures on the extraction 



BNSDOCID: <WO 8901294A1_L> 



wo 89/01294 



PCT/FI88/00125 



2 



yield is known through scientific literature as well as 
the 6B patent specification 1 526 553, among others. In certain 
methods, such as the one described in the US patent specification 
4 211 801, an organic solvent has been used as a medium to sepa- 
rate bran and endosperm fractions from each other. 

The separation of oat gum is described in several processes, 
as in the method of the US patent specification 4 028 468, as 
well as in scientific literature, being accomplished by extrac- 
ting into an aqueous or alcalic solution and by precipitating 
with the aid of aliphatic alcohol or ammonium sulphate. In some 
processes, like the one described in the US patent specification 
4 435 429, the gum material is allowed to be hydrolyzed in order 
to reduce the viscosity, and is not recovered. 

The antioxidatlve effects of oats are known from research 
publications. Phenolic compounds, like coffee and pherulic acid 
derivatives, are considered major antioxidatlve factors, 
however some other oil components, tocopherols, among 
others, also have a synergetic effect. Nevertheless, this pheno- 
menon has not been technically exploited. In certain processes, 
as the one described in the GB patent specification 1 526 553 
and US patent specification 4 211 801, hydrogen peroxide is 
used to clarify the oil, and this procedure can be considered 
to bring about the inactivation of antioxidat ive factors possibly 
present. It is likewise known that many other fatty vegetable 
grains contain polyphenol compounds that have an antioxidatlve 
effect. The limited solubility into fats of these compounds has 
prevented their technical exploitation. 

The methods for oat fractioning disclosed in patent literature so 
far rarely present the final fraction yield, which is one of the 
most essential criteria when evaluating the profitability of the 
process. The exact composition of the final fractions is rarely 
expressed, and most seldom information about the physical or ot- 
her properties of the end products, which would allow to deduce 
properties of the fraction significant for industrial use, 
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such aa the viscosity and the molecular weight with regard to the 
vegetable gum fraction, the purity or residual protein content of 
the starch fraction and the proportiona of various lipide frac- 
tions in the fat fraction. In the cited methods, the concentra- 
tion of a component to. a certain fraction is usually achieved, 
but not the degree of concentration or purity prerequisited by 
the technical use of the fraction. Major known oat fractioning 
processes are disclosed in the introduction of the US 
patent specification 4 435 429. As far as is known, none of them 
has resulted in a permanent technical application. 

The object of the present invention is a process for fractioning 
crop grains, in particular oat grains, so as to obtain a high 
yield and the purity degree required by technical use, for several 
of the isolated fractions, and to retain as far as possible the 
functional properties characteristic of the components of the va- 
rious fractions. This is achieved according to the invention by 
using extruding or impact devices and operating methods in the dry 
milling step of the crop, and by combining a heat treatment, sol- 
vent extraction and mechanical treatment, which destroy the major 
part of the enzymes, in the first wet milling step. 

Among the functional properties of the components, the purity of 
the starch is to be considered the most important in particular 
with regard to the residual protein content, the viscosity proper- 
ties with regard to the vegetable gum fraction, the ant i-oxidati- 
ve effect and the content of emulsifying components with regard 
to the fat fraction, and the aminoacid composition with regard to 
the protein fraction. The possible application fields for these 
fractions can comprise, as to the starch, food, paper, board, 
plastic and chemical industry among others, as to the vegetable 
gum fraction, the use in thickening agents in food, chemical and 
pharmaceutical industry, and as soluble nutritive fiber in food 
and pharmaceutical preparations, for the fat fraction, the use in 
edible fats and in the preparation of emuleifiers, and for the 
protein faction, the use in foodstuffs and feeds. 
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In the first step of the process, the outer covering layer of the 
oat grains, the husks, are removed by means of a known technique, " 
unless hullese oat species are used. The dehulling should be car- 
ried out so as to remove a minimum of the portion below the peri- 
carp layer . 

The removal of avenol can be optionally carried out in the diffe- 
rent steps. However, an efficient extracting effect requires eit- 
her milling or flocculation of the grains. For this reason, the 
first size reducing operation subsequent, to the dehulling is pre- 
ferably accomplished by using a roll mill or some other approp- 
riate device, in which the particle adhesion to the various parts 
of the device caused by the fat can be prevented by means of the 
operating method, the sieve dimensioning and poesibly also air 
Jets. A suitable procedure for this purpose is e.g. grinding 
through a smooth pair of rolls and subsequent screening with the 
aid of a sieve having a 0.2 to 0.5 mm mesh. 

The fraction remaining on the sieve can be further reduced by 
using an impact mill, for instance a hammer mill without sieves. 
The fraction thus reduced is screened through a 0 . 1 mm mesh sieve 
«.3- by a an air jet sieve. 

In terms of the present invention, it is important to avoid a 
cutting operation as far as possible in the size reducing opera- 
tions, so- that the aleurone layer of the grain and the immediately 
connected portion containing vegetable gum are retained as great 
particles. The cohesion of these portions is improved by the fat 
content and a suitable moisture content in the grinding step, and 
it can be increased by denaturalizing protein e.g. by means of a „ 
heating treatment. 

According to the final purposes of use of the fractions and to the 
composition and quality requirements, the extraction of lipides 
ie performed on the entire batch or is concentrated only to the 
bran portion, where the fat content is higher than in the endo- 
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sperm fraction. Preferable solvents according to the invention are 
polar solvents like 2-propanol, ethanol or aceton, or mixtures 
of these and water, in order to increase the amount of extracted 

polar lipides and the total ^ield of lipides. The preferable 
temperature range is 50 to 90 C. In order to minimize 
the oxidation and hydrolyse reactions of the lipides, it is 
important to inactivate a major part of the lipase and lipoxydase 
activity of the oat grains by means of a heating or other denatu- 
ralizing treatment carried out as early as possible. The same 
treatment inactivates the beta-glucanase activity and denaturali- 
zes the proteins of the grain. The treatment can be effected e.g. 
by vaporizing at the flattening stage of the grains by means of 
prior known technique or by extracting by a hot solvent, whereby 
the denaturalizing and inactivating effect on the enzymes of the 
solvents and/or solvent-water systems and/or acidity also can be 
exploited. However, the heating treatments have to be dimensioned 

so as to avoid a simultaneous sizing of the starch. The polarity 
and/ or density of the organic solvent is adjustable by adding 
water or other organic solvents. 

The extraction step can be combined with the separation of the en- 
dosperm and bran fractions. Provided that the size reducing opera- 
tions preceding the extraction have been effected as indicated 
above, the endosperm fraction is separated in the extraction and 
under the effect of the mechanical forces then exerted as a finely 
divided fraction and the bran remains in the coarser fraction. 
These can be separated from each other by screening in a solvent 
suspension by using a 0.08-0.125 mm mesh sieve or by means of se- 
dimentation or hydrocyclonic treatments. 

The most valuable component of the endosperm fraction is the 
starch. It can be separated from the other components of the en- 
dosperm fraction by means of techniques knovm in starch industry, 
such ae sedimentation or hydrocyclonic treatments or air clas- 
sification. Besides in the aqueous phase, the sedimentation and 
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hydrocyclonic treatments can alsQ be carried out in an organic t 

solvent. V/hen aiming at low residual protein contents or wishing 

to reduce the number of operation steps, extraction from an alca- * 

lie solvent Is pr^eferably used to separate the protein from the 

starch. 

When using dry separating operations, the bran fraction remaining 
on the sieve is approx. 27 to 35% of the amount of dehulled oats. 
By choosing favourable processing conditions the proportion of 
the bran fraction can be reduced to ca . 20% of the mass of the 
dehulled oats by using the separation in a solvent suspension 
described above. The bran fraction thus concentrated is capable 
of being used as such in order to increase the nutritive fiber 
content of foodstuffs and clinical alimentary preparations ^ 
but the beta-glucane can be further separated for use as a solub- 
le nutritive fiber or for the preparation of thickening or binding 
agents . 

The beta-glucane is extracted from the bran fraction in a water or 

o 

alcalic solution, at a temperature of 50 to 75 C, preferably at a 

o 

temperature of ca . 70 C. In order to make it technically possible 
to separate the viscous extracting solution from the solid matter, 
the amount of extracting solution must be 200-fold, preferably 
300-fold to the amount of beta-glucane in the bran. When using 
alcalic extraction the protein of the bran is dissolved at the 
same time. It is precipitated at the isoelectric point and is se- 
parated eTg. by centrif ugat ion. The pH of the clear solution is 
now raised to 7 pH, and the beta-glucane is precipitated by means 
of alcohol J e.g. ethanol or iisopropanol or ammonium sulphate. When 
precipitating by means of alcohol, the beta-glucane is precipita- 
ted as a threadlike deposit easy to separate by screening. The 
concentration* obtained can be further purified by elutriating into 
a small amount of alcohol. The beta-glucane can be retained sus- 
pended in the alcohol v/ithout deteriorating the viscosity proper- 
ties, or it can be dried by air drying or at under-pressure . 
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When using polar solvents for extracting the fat it is Jcnown that 
a greater amount of polar lipides are transferred into the extract 
than by using non-polar solvents. It has been observed in this 
study that the extrgiction of compounds having an antioxidat ive 
effect is strongly dependent on the polarity of the solvent. 
It has also been observed that they remain dissolved in avenol, 
unless it is further refined to remove the polar lipides. and that 
such an avenol has an antioxidative effect also when being added 
to other oils. 

The invention is further described below by means of examples. 

Rif;amrile 1 

Dehulled oats were ground through a smooth pair of rolls and 
screened through a 0.2-0.3 mm mesh cylindrical sieve. The weight 
part of the separated fine endosperm fraction was 60-65%, its 
starch content was 80-81%, protein content 10-115, fat content 
5.8% and beta-glucane content ca . 1%. Correspondingly, the starch, 
protein, fat and beta-glucane contents of the bran fraction were 
respectively 40-43; 18-20; 7.8 and 11-12%. The nutritive fibre 
content of the bran fraction was 29%. 

pvample 2 

The dehulled oats were ground through a smooth pair of rolls, 
treated by means of a hammer mill without screen, the mixture was 
suspended into a sixfold weight quantity of water-2-propanol mix- 
ture <15:85% v/v>, and the mixture was extracted in this suspen- 
sion for 2 hours under agitation. By screening through a 0.125 mm 
mesh sieve a fine endosperm fraction vyas separated from the sus- 
pension, the dry weight of which was 71% of the weight of the de- 
hulled oats. Its starch, protein, fat and beta-glucane contents 
were respectively 85; 10.5; 1.5 and 1%. Correspondingly, the 
weight part of the bran fraction remaining on the sieve was 24% of 
the amount of dehulled oats and its starch, protein, fat, beta- 
glucane contents were 35; 23; 2 and 15.5%. its ash content 3.5% 
and nutritive fiber content 35%. 
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Examp 1 e 3 

The bran fraction of example 1 was concentrated by elutriating 
into, a sixfold weight amount of v;ater-alcohol mixture at 75-78°C 
which contained 80 volume-% of 2-propanol and 20 volume-% of wa- 
ter. The mixture was vigorously homogenized by a blade mixer du- 
ring approx. 3 minutes, and was subsequently mixed, by & paddle 
mixer during 1 to 2 hours. The solid matter was screened by a 
0.125 mm mesh sieve, whereby the concentrated bran fraction re- 
mained on the sieve, the dry weight of which was approx. 20% of 
th.e weight of the dehulled oats batch. Its beta-glucane content 
was 17 to 18* , the total nutritive fiber content 35 to 39% and 
protein content 20 to 24X. The starch content of the solid matter 
having passed through the screen was 83 to 86%. When effecting a 
batch process, ca. 75% of the oil content of the bran was trans- 
ferred into the extraction solution by one extraction. 

Example ij[ 

The bran concentration prepared according to example 3 was extrac- 
ted to a 9.5 pH value in a regulated sodium hydroxide solution at 
a temperature of 70 C during 2 hours. In order to facilitate 
the further processing of the viscous solution subsequent to the 
extraction the amount, of extracting solution was ca. 40-fold to 
the amount of solid matter, i.e. 200 to 300-fold to the amount of 
beta-glucane. The extracted protein was precipitated by adjusting 
the PH vaue of the solution to pH 4.5, and the protein was sepa- 
rated by centrifugation. The pH of the solution was now adjusted 
to 7.0 and the beta-glucane was precipitated by directing the 
viacous beta-glucane eolution into ethanol or propanol, under si- 
multaneoua vigorous agitation, until the alcoholic concentration 
of the mixture was. reduced to 50% by weight. The beta-glucane was 
precipitated as a thread-like mass which was easily separated from 
the solution onto a 0.2 mm mesh sieve or by means of a filter 
press. After washing with 2-propanol the deposit was dried by 
evaporating the solvent at a temperature of 35°C. The beta- 
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glucane content of the preparation was 80%, the residual protein 
content was 2 to 4% and the starch content was 2 to 3% . 

Example 5 

The starch was separated from the endosperm fraction of example 2 
by extracting the endosperm fraction by a sodium hydroxide solu- 
tion, the pH of which was 9.5, at a temperature of 40 C. The so- 
lid matter was separated from the solution by means of a hydro- 
cyclone. The residual protein content of the starch obtained af- 
ter repeated washing steps was 0,4% and the residual fat content 
was 0.5 to 0,5%. 

Example 6 

The solvent was removed by evaporation from the isopropanol ex- 
tract of example 2, The oil obtained was added to refined corn oil 
3%, and the stability of the oil to oxidation was tested by the 
Rancimat procedure and device by leading oxygen through the oil at 

Q 

110 C, by absorbing the oxidation results produced by the ex- 
haust gas into an absorption solution and by observing the change 
taking place in the electroconduct ivity of the latter. The in- 
crease of the oxidation induction time caused by the avenol addi- 
tion was the same as when 0*2% butylated hydroxyanisol was added. 
The antioxidative properties were observed also in the lecithin 
fraction of the oil. 

Example 7 

1000 kg of dehulled and steam treated oat kernels were ground 
with a pilot-scale roll milling equipment. From the rolls, the 
powder was conducted to a 670 pm vibrating screen, and the remai- 
* ning bran was further purified by a bran centr if ugator , The pro- 

portion of slate bran was 41% by weight and the beta-glucane con- 
tent 9.0%, the proportion of flour was 50% by weight and its 
glucane content 1.6%. 

By further screening of the bran with the aid of an air jet sieve 
the beta-glucane content of the bran remaining on a 75 pm sieve 
was increased to ll.7%. 
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The grinding of the oat flakee dehulled, flattened and solvent 
extracted from the same raw material was technically dif ficult 
to carry out with the equipment. Owing to the extraction of 
the lipides, the flakes broke and the share of bran after the 
screening was ca. 19% by weight and the beta-glucane content 11% 
and the beta— glucane content of the endosperm fraction having 
penetrated was 2.6%. The beta-glucane content of the bran could 
not be further concentrated by means of the air jet sieve. 

The above examples are based on experiments carried out with oat 
grains. Besides oat, the process is suitable, v/here applicable, 
also for fractioning the grains of other crops. 
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Claims 

1. A process for fractioning crops, in particular oats, into 
industrially or nutritionally usable fractions, by using 

dry milling or a combined dry and wet milling and extraction met- 
hods, characterized in that prior to the dry milling step, the 
protein is denaturalized by a heat and/or solvent treatment, 
extruding and/or percussive, but not cutting, grinding methods 
are used in one or several steps for the grinding, and/or for 
extracting lipides, polar solvents are used at a temperature of 
50 to 90° C, and/or a base extraction is carried out at a tempe- 
rature of 50 to 75 C in order to dissolve the proteins and/or be- 
ta-glucanes • 

2. A process according to claim 1, characterized in that 

the bran is concentrated to a high fiber and/or protein content 
without separating protein and/or beta-glucane • 

3. A process according to claim 1 or 2, characterized in that 
the fractioning is carried out without including extraction of 
the lipides by organic solvente. 

4. A process according to claim 1, 2 or 3, characterized in that 
the separation of the bran fraction from the endosperm fraction 
is carried out by grinding, screening, centr if ugat ing or by hyd- 
rocyclones in an organic solvent. 

5. A process according to claim 1, 2 or 4, characterized in that 
the polarity and/or density of the organic solvent is adjusted 
by adding water or other organic solvente. 

6. A process according to claims 1, 3, 4 or 5, characterized in 
that after precipitating the beta-glucane , it is kept suspended in 
an organic solvent before drying. 
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7. A process according to claims 1, 2, 4« 5 or 6, characterized 
in that in order to retain the ant ioxidative properties the lipi- 
de fraction is kept unrefined, or when fractioning or refining 
further,. the solubility of the antioxidat ive components is ensu- 
red by keeping the proportion of polar solvents or lipides suffi- 
ciently high. 
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[received by the International Bureau on 11 Januaiy 1989 (11.01-89) 
original claims 1-4 mchanged; claim 5 added; 
original claims 5-7 renumbered 6-8 (2 pages)] 

1. A process for fractioning crops, in particular oats, into 
industrially or nutritionally usable fractions, by using dry 
milling or a combined dry and wet milling and extraction met- 
hods, cliaracterized in that prior to the dry milling step, 
the protein ia denaturalized by a heat and/or solvent treat- 
ment, extruding and/or percussive, but not cutting, grinding 
methods are used in one or several steps for the grinding, 

and/or for extracting lipides, polar solvents are used at a 

o 

temperature of 50 to 90 C, and/or a base extraction xe 
carried out at a temperature of 50 to 75 C in order to 
dissolve the proteins and/or beta-glucanes . 

2. A process according to claim 1, cliaractorized in that the 
bran is concentrated to a high fiber and/or protein content 
without separating protein and/or beta-glucane • 

3. A process according to claim i or 2, characterized in 
that the fractioning is carried out without including extrac- 
tion of the lipides by organic solvents. 

4. A process according to claim i, 2 or 3, characterized in 
that the separation of the bran fraction from the endosperm 
fraction is carried out by grinding, screening, centrif ugating 
or by hydrocyclones in an organic solvent. 

5. A process according to claim i, 2 or 3, characterized in 
that the separation of the bran fraction from the endosperm 
fraction is partly or wholly carried out by grinding, scree- 
ning, centrifugating or by hydrocyclones in cold water. 

6. A process according to claim 1, 2 or 4, characterized in 
that the polarity and/or density of the organic solvent is 
adjusted by adding water or other organic solvents. 
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7. A process according to claims 1, 3, 4 or 5 , characterized 
in that after precipitating the beta-glucane , it is kept sus- 
pended in an organic solvent before drying. 

8. A process according to claims 1, 2, 4, 5 or 6^ character- 
ized in that in order to retain the antioxidative properties 
the lipide fract^ion la kept unrefined^ or when fractioning or 
refining further, the aolubility of the antioxidative compo- 
nents is ensured by keeping the proportion of polar solvents 
or lipides sufficiently high. 
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